Background Adolescents with type 1 diabetes experience stress related to treatment management, feeling different from peers, and deciding to tell others about their diabetes. Purpose This study examined the relationship of stress reactivity and coping with self-management, quality of life, and metabolic control in an ethnically diverse sample of adolescents with type 1 diabetes. Methods Adolescents (n0327) completed measures of coping and stress reactivity, self-management, and quality of life. Glycosylated hemoglobin data were collected from medical records. Results Low-income and minority status were related to lower levels of primary control coping (e.g., problem solving) and secondary control coping (e.g., acceptance), and higher levels of disengagement coping (e.g., avoidance). Self-management mediated the relationship between coping and stress reactivity with quality of life and metabolic control. Race/ethnicity and income moderated the relationship between coping and self-management goals.
Introduction
Type 1 diabetes is one of the most common chronic childhood illnesses, affecting as many as 1 in 400 youth, with a peak onset during adolescence [1] . Management of type 1 diabetes is complex and demanding, requiring the adolescent and family to frequently monitor blood glucose levels, food intake, and exercise, and adjust insulin accordingly [2] . For youth with type 1 diabetes, the transition into adolescence is often associated with poorer self-management and deteriorating metabolic control [3] . In addition to the stress of self-management, adolescents with type 1 diabetes report stress related to feeling different from peers, feeling guilty about "bad numbers," and deciding how and when to tell others about diabetes [4] . These high levels of diabetesrelated stress are likely to have a negative impact on adolescents' quality of life (QOL) and metabolic control [5] . In addition, stress may affect adolescents' motivation and ability to perform self-management tasks, resulting in poorer metabolic control [6] . Therefore, it is important to understand the strategies that adolescents use to cope with diabetes-related stress and the relationships among coping, self-management, QOL, and metabolic control in adolescents with type 1 diabetes. The purpose of this study was to test a model of coping and stress reactivity, self-management, and the diabetes-related outcomes of QOL and metabolic control in an ethnically diverse sample of early adolescents with type 1 diabetes.
Coping in Adolescents with Type 1 Diabetes
The broader literature on coping indicates that the ways in which children and adolescents cope with stress are important mediators and moderators of the emotional and behavioral outcomes of stressful situations [7] . Coping in youth with type 1 diabetes has been studied over the past 25 years, using a variety of measures and approaches. Findings from these studies consistently demonstrate relationships between coping and self-management, quality of life, and metabolic control. Greater use of avoidant (or emotion-focused) coping strategies, such as wishful thinking, has been shown to be related to poorer metabolic control [8] [9] [10] and poorer psychosocial outcomes, including lower QOL and more depressive symptoms [8, 11, 12] . In contrast, greater use of approach (or problem-focused) coping strategies has been related to better metabolic control and better psychosocial adjustment in youth with type 1 diabetes [11, 13, 14] . Similarly, greater use of avoidant coping and less use of approach coping has been related to poorer selfmanagement [13, 15] . To our knowledge, however, no studies have examined self-management as a mediator of the relationship between coping and the outcomes of metabolic control and QOL. Coping may directly influence metabolic control and QOL by decreasing the negative impact of stress; however, coping may also indirectly influence metabolic control and QOL through improved self-management. Self-management in adolescents with type 1 diabetes has been associated with both metabolic control and QOL [16, 17] . Therefore, self-management may be an important mediating link between coping and metabolic control and QOL.
Studies have consistently shown that lower income and minority youth with type 1 diabetes are at greater risk for poor metabolic control, hospitalizations for ketoacidosis, and longterm complications [18, 19] . Differences in coping styles may help to explain some of these demographic differences in diabetes-related outcomes. For example, the high levels of chronic stress experienced by adolescents from lower income families may interfere with their ability to use complex coping strategies, such as problem solving and cognitive restructuring [20] . Previous studies of coping in adolescents with type 1 diabetes have been limited by a lack of diversity. Thus, it is important to examine demographic differences in coping with diabetes, which may be affected by the higher levels of stress experienced by lower income and minority youth.
Research on coping in youth with other chronic conditions supports a developmentally appropriate model of stress and coping that differentiates between controlled/voluntary and automatic/involuntary responses to stressful events or circumstances [7, 21] . This model, supported by factor analysis, expands previous conceptualizations of coping to include three coping factors: primary control engagement coping, secondary control engagement coping, disengagement coping, as well as involuntary responses to stress, or stress reactivity (e.g., physiological arousal, rumination) [22] . Primary control engagement coping includes attempts to change the problem or one's response to it (e.g., problem solving, emotional expression); secondary control engagement coping includes attempts to adapt to the stressor (e.g., acceptance, distraction); and disengagement coping includes avoidance, denial, and wishful thinking. This model extends previous conceptualizations of coping, in which some strategies do not clearly fit into the emotion-focused/ problem-focused categories. A coping strategy such as forming a plan, for example, may help to solve a problem and also relieve negative emotions. Research with the current model has shown that higher levels of secondary control engagement coping and lower levels of disengagement coping were more effective for coping with pain in a pediatric population [22] . This model of automatic and voluntary responses to stress provides the conceptual framework for this analysis.
Purpose
The purpose of this study was to examine the relationship of stress reactivity and coping (primary, secondary, and disengagement) with self-management, QOL, and metabolic control (i.e., glycosylated hemoglobin-A1C). In addition, we explored associations between demographic variables (e.g., gender, race/ethnicity, SES) and adolescents' responses to stress. We tested a structural model of self-management as a mediator of coping and stress reactivity and diabetes-related outcomes (i.e., QOL, A1C). We hypothesized that higher levels of primary and secondary control coping and lower levels of disengagement coping and stress reactivity would be associated with increased self-management, which, in turn, would be related to better outcomes. Finally, we explored race/ethnicity and income as potential moderators of the relationship between coping and self-management.
Methods
We report an analysis of baseline data from an ongoing randomized clinical trial. The purpose of the larger study is to determine the effect of an internet-based coping skills training intervention on physiologic adaptation (A1C), psychosocial adaptation (QOL), and family adaptation (conflict) compared to an internet-based education intervention for adolescents with type 1 diabetes.
Participants and Procedure
Adolescents with type 1 diabetes were eligible for the study if they were between the ages of 11 and 14, had no other serious health problems, and had been diagnosed for at least 6 months. A total of 541 adolescents with type 1 diabetes were identified as eligible from outpatient diabetes clinics at four sites across the USA, selected to provide an oversample of racial/ethnic minorities. Of these, 90 refused participation (most common reasons were time commitment, lack of interest), 22 asked to be contacted later, and another 79 failed to complete baseline data. After providing consent (assent) in line with university IRB requirements, 327 adolescents completed baseline questionnaires on a password-protected, studyspecific website. At least 10 subjects (and ideally 20) for each parameter in the model are sufficient for structural equation modeling [23] , and our models contain 25 parameters. Demographic information was provided by parents during the consent process. Sample characteristics are presented in Table 1 .
Measures
The Responses to Stress Questionnaire assessed coping strategies used by adolescents in response to diabetesrelated stressors. The first ten questions were designed to be developmentally specific to the concerns of adolescents with type 1 diabetes (e.g., feeling different from peers, dealing with diabetes care), and the total stress score ranges from 0 to 30 (mean in our sample010.28, SD04.77) [4] . The following 57 items ask adolescents how they respond to the diabetes-related stressors with a range of voluntary coping and involuntary responses to stress characteristic of adolescents [21] . The four factors included in the analyses are Primary Control Engagement Coping (9 items; problem solving, emotional expression, emotional regulation), Secondary Control Engagement Coping (12 items; distraction, acceptance, positive thinking, cognitive restructuring), Disengagement Coping (9 items; avoidance, denial, wishful thinking), and Stress Reactivity (12 items; e.g., physiological arousal, rumination). The Responses to Stress Questionnaire has demonstrated internal consistency and test-retest reliability ranging from adequate to excellent [21] . Mean ratio scores were calculated to account for differences in overall levels of coping [24] . For the current sample, Cronbach's alpha was 0.77 for primary control engagement coping, 0.80 for secondary control engagement coping, 0.77 for disengagement coping, and 0.88 for stress reactivity.
The Self-Management in Adolescents with Diabetes questionnaire was used to assess adolescents' selfmanagement tasks and goals [25] . It is a 52-item selfreport measure, consisting of five subscales: collaboration with parents, diabetes care activities, diabetes problem solving, diabetes communication, and goals. The stability of the measure ranged from 0.60 to 0.88 at 2 weeks to 0.59 to 0.85 at 3 months [25] . For the current study, we used the activities subscale (e.g., "I check my blood sugar before eating."), (range00-45, Cronbach's alpha00.74); the collaboration subscale (e.g., "My parents help me decide my insulin dose."), (range 00-39, Cronbach's alpha00.80); and the goals subscale (e.g., "One of my goals is to take care of my diabetes more on my own."), (range00-21, Cronbach's alpha00.63) as indicators of self-management.
The Pediatric Quality of Life instrument was developed to evaluate QOL in children with chronic health conditions [26] . The 28-item diabetes-specific QOL measure consists of five discrete subscales: general diabetes QOL, general type 1 diabetes treatment QOL, specific type 1 diabetes treatment QOL, worry, and communication. Scores on each scale are transformed to a score of 0-100; higher scores reflect better QOL. High reliability and validity have been established in various clinical and community samples [26] . For the current study, we used the general diabetes QOL subscale (Cronbach's alpha00.89).
Glycosylated Hemoglobin (A1C). The glycosylation of the hemoglobin molecule provides objective criteria of metabolic control over the most recent 8-12 weeks. A1C is routinely measured quarterly in patients with type 1 diabetes. In the majority of the sample (80%), analyses were performed using the Bayer Diagnostics DCA2000® , which provides results in 6 min on a fingerstick blood sample (normal range04.2-6.3%). The other methods used were Roche Tina-quant, immunoturbidimetry, and high- performance liquid chromatography. The American Diabetes Association recommends that adolescents maintain A1C at or below 8% [2] .
Data Analyses
Data were coded and transferred from the online database to Access™ databases. Descriptive analyses were conducted using ANOVA to test for demographic differences in coping. Bivariate correlations were conducted to examine the relationship between stress reactivity and coping with selfmanagement, QOL, and A1C. To test self-management as a mediator of coping and adaptation, we used structural equation modeling with the MPlus program. The maximum likelihood method was used to estimate the fit of the model, and standardized path coefficients are presented. We report several fit indices for the model, including the Comparative Fit Index (CFI), the Tucker Lewis Index (TLI), and the Root Mean Square Error of Approximation (RMSEA). Models with CFI and TLI indices greater than 0.9 are considered to have a relatively good fit, and a RMSEA of less than 0.10 indicates an adequate fit, and less than 0.05 indicates a good fit [27] . Finally, race/ethnicity and income were tested as potential moderators of the relationship between coping and self-management by examining the interaction of income/racial categories×responses to stress for self-management activities and goals with general linear regression models.
Results

Descriptive Analyses
There were no significant differences in coping related to age, gender, or treatment type, but there were differences related to income and race/ethnicity (see Table 2 ). Compared to adolescents from the highest income families (annual income≥$80,000), those from the lowest income families (annual income<$40,000) had significantly lower levels of primary control coping (p<0.001) and secondary control coping (p<0.01), and significantly higher levels of disengagement coping (p<0.01), representing a mediumsized effect for income. There was not a significant difference in income level for stress reactivity. In addition, there were small to medium-sized effects of race/ethnicity on coping; minority youth reported significantly lower levels of primary control coping (p<0.001) and secondary control coping (p<0.05), and higher levels of disengagement coping (p<0.05) than white, non-Hispanic youth.
There was not a significant difference in stress reactivity for race/ethnicity.
Correlational Analyses
Bivariate correlations indicate the associations between coping and stress reactivity with self-management, QOL, and metabolic control (i.e., A1C) (see Table 3 ). 
Mediation Analyses
The original structural model based on the hypothesized relationships between coping and stress reactivity, selfmanagement, QOL, and A1C was a good fit for the data (CFI01.00, TLI01.044, RMSEA<0.001). As seen in Fig. 1 , greater use of primary control engagement coping was related to higher levels of self-management, while greater stress reactivity was related to lower levels of selfmanagement. Furthermore, the self-management factor, made up of the activities and goals subscales, was positively related to QOL. Support for mediation was found; there was a significant indirect effect of primary control engagement coping on QOL through self-management (β00.51±0.17, p0 0.002). There was also a significant indirect effect of stress reactivity on QOL through self-management (β0−0.25±0.11, p00.018). There was not a significant direct effect for any responses to stress on QOL. Greater self-management was also related to lower A1C. Support for mediation from responses to stress to A1C through self-management was also found; there was a significant indirect effect of primary control engagement coping on A1C through self-management (β0−0.62±0.02, p0 0.004). There was also a significant indirect effect of stress reactivity on A1C through self-management (β00.03±0.01, p00.024). Finally, there was a significant direct effect of primary control coping on A1C.
Moderation Analyses
In our sample, there was considerable overlap between race and income; 67% of White/non-Latino youth had relatively high income (≥$80 K/year) while only 23% of non-white youth had high income. In this sample, it would be difficult to examine race and income effect separately. Therefore, we created four groups: White and high income (≥$80 K/year, n0134), White and lower income (<$80 K/ year, n067), minority and high income (≥$80 K/year, n0 26), and minority and lower income (<$80 K/year, n087). These categories were used to examine race/income as potential moderators of the relationship between coping and self-management.
There was no significant effect of race/income on the associations between responses to stress and the daily activities of self-management (see Table 4 ). Race/income did moderate the association between stress reactivity and self-management goals (p00.022). There was a significant effect of stress reactivity on goals for White/high income youth (β0−0.14, p<0.001), but this effect was not significant for White/lower income youth or minority youth. Finally, there was a trend toward significance for the moderating effect of race/income on the association between disengagement coping and self-management goals (p00.071). The effect of disengagement coping on goals was only significant for White/high income youth (β0−0.15, p00.002).
Discussion
The current study examined coping in a large, diverse sample of adolescents with type 1 diabetes. We found that the use of secondary control engagement coping strategies, such as acceptance and distraction, and primary control engagement coping strategies, such as problem solving, to cope with diabetes-related stress were linked with better selfmanagement and better adaptation. Perhaps most importantly, we found support for self-management as a mediator of the relationship between coping and metabolic control, as well as coping and QOL. Two important demographic differences emerged in the coping strategies reported by youth in our sample: race/ ethnicity and income. There was a medium-sized effect of family income on coping, with adolescents from the lowest income category reporting less primary and secondary control engagement coping and more disengagement coping strategies than adolescents in the highest income category. Similarly, there was a small effect for race/ethnicity, with minority youth reporting lower rates of primary and secondary control engagement coping and higher rates of disengagement coping than non-Hispanic White youth. These differences in coping may help to explain the findings from other studies that Hispanic and Black adolescents tend to have poorer metabolic control than White adolescents [19, 28] . In these studies, as in our sample, family income is often highly associated with race/ethnicity; therefore, more work is needed to tease apart the effects of race/ethnicity and income on coping and metabolic control. It is possible that adolescents from lower income families experience higher levels of stress, interfering with the cognitive abilities required to use primary and secondary control coping strategies, such as problem solving and cognitive restructuring [20] . It is notable that in our sample, there were no significant differences in coping strategies related to age, gender, or treatment type. Our age range was somewhat limited, however, to early adolescents (ages [11] [12] [13] [14] , and it is possible that differences exist between younger and older adolescents [29] .
Results from the current study support that the effect of coping on metabolic control and QOL is mediated by adolescents' self-management activities and goals. Specifically, higher levels of primary control engagement coping were related to higher levels of self-management, which, in turn, were related to better QOL and lower A1C. In contrast, higher levels of stress reactivity were related to lower levels of selfmanagement, which, in turn, were related to poorer QOL and higher A1C. Self-management did not mediate the relationship between secondary control or disengagement coping on QOL and A1C. In addition, primary control coping had a direct effect on A1C. This may be explained by the items on the primary control coping scale that assesses emotion regulation, which has been linked with better metabolic control [28] . Furthermore, stress reactivity had a direct effect on quality of life, suggesting that intrusive thoughts and physiological arousal related to diabetes stress have a negative impact on adolescents' QOL. Collectively, these findings expand the previous work of Grey and colleagues [30] , by providing greater specificity as to the coping strategies and stress responses that promote better or worse adaptation to type 1 diabetes. Promoting problem solving and stress management appears particularly important.
In addition, race/ethnicity and income moderated on the relationship between coping and self-management. For White youth from high income families, coping was significantly associated with self-management, such that higher levels of stress reactivity and greater use of disengagement coping were related to fewer self-management goals. For minority and lower income youth, however, coping efforts did not seem to impact self-management to the same extent. It is likely that, for lower income families, economic stress is more salient than diabetes-related stress reported on by this sample [31] . Thus, for lower income youth, the coping strategies used to deal with economic stress may be better predictors of their adaptation. Furthermore, the high levels of chronic stress experienced by lower income and minority youth may interfere with the cognitive abilities required to use primary and secondary control coping strategies, such as problem solving and cognitive restructuring [20] . Note that the small number of high-income/minority youth in our sample limits the conclusions that can be made about the moderating effects.
Limitations
This study is limited by the cross-sectional design, which does not allow us to test for direction of effects. As such, the mediation analyses must be considered exploratory, since tests of mediation may be biased in cross-sectional samples. In addition, the current study used baseline data from an intervention study, which required participants to commit to a study lasting 18 months. Therefore, our sample may be biased by self-selection, as the demands of the intervention study may have excluded adolescents from more stressed families. Finally, our sample was in relatively good metabolic control; the mean A1C was 8.0%, which is the target for this age group [2] . It is possible that adolescents who have poorer metabolic control use different coping strategies.
Implications
Findings from this study highlight the youth who may be at higher risk for poor adaptation. Previous studies have shown that lower socioeconomic status and minority race/ ethnicity have been correlated with poorer metabolic control, more hospitalizations for ketoacidosis, higher rates of long-term complications, and increased age-adjusted mortality rates [18, 19] . Our findings may help to explain how coping contributes to poorer outcomes in these populations. In our sample, minority and lower income youth were less likely to use adaptive coping strategies (i.e., primary and secondary control coping), and their coping efforts had less of an impact on self-management. This suggests that low income and minority youth may need additional support in developing and using coping skills to deal with diabetes-related stress, and that the ways they cope with stress related to poverty and discrimination may also be important to assess.
Furthermore, results from this study highlight the potential importance of coping to self-management, QOL, and metabolic control, warranting further attention to assessment of stress and coping in adolescents and interventions to promote adaptive coping. Specifically, these results suggest that interventions that promote or teach primary control coping strategies (e.g., problem solving, emotional expression), and secondary control coping strategies (e.g., acceptance, positive thinking), may help adolescents deal with diabetes-related stress in adolescents, particularly in minority groups. Finally, our results suggest that adolescents with type 1 diabetes may benefit from learning strategies to manage stress (e.g., relaxation), reducing stress reactivity.
Directions for Future Research
Further studies are needed in diverse populations to tease apart the effects of income and race/ethnicity, as well as the moderating effects of family functioning, on adolescents' coping with diabetes-related stress. Longitudinal studies are also needed to determine the direction of effects. A recent study, for example, examined the relationships among coping and metabolic control in adolescents with type 1 diabetes over 4 years using a cross-lagged design and found that coping, psychological symptoms, and metabolic control were inter-related over time [32] . Finally, further studies are needed to determine the best setting, and optimal age for interventions aimed at improving coping in adolescents with type 1 diabetes.
Measurement of coping has varied widely in studies of youth with type 1 diabetes, limiting interpretation and generalizability. First, previous studies of coping in youth with type 1 diabetes have been limited by relatively small sample sizes and little diversity in samples. In many studies, broad categories of coping (e.g., approach/avoidance) [13] were used, while others measured specific coping strategies (e.g., daydreaming, use of humor) [11] . Coping researchers have questioned the utility of broad coping categories (e.g., emotion-focused/problem-focused), noting that they are neither exclusive nor exhaustive [33] . A strategy such as social support seeking, for example, does not easily fit within one category. Furthermore, a recent review of coping measures in adolescents highlights the need for consistent use of measures that have been developed for adolescents [34] . Results from the current study suggest that the Responses to Stress Questionnaire may be an effective way to measure diabetes-related coping in adolescents, given the strong associations with self-management and adaptation.
In conclusion, adolescents with type 1 diabetes experience chronic stress related to the burden of intensive treatment management, and it is important that we determine the most effective coping strategies for dealing with diabetesrelated stress. Taken together, our results demonstrate the impact of coping on self-management and health outcomes in adolescents with type 1 diabetes, supporting the need for interventions that promote adaptive coping, with a focus on primary control coping and stress management strategies.
